Studies of the association between HHV-6 and multiple sclerosis are hindered by the diYculty in discriminating between latent and active infection. A follow up study was undertaken of patients with multiple sclerosis, searching peripheral blood mononuclear cells for molecular markers associated with HHV-6 latency and lytic replication. The results show that HHV-6 is latent and did not support systemic infection in patients with multiple sclerosis. Likewise, patients with multiple sclerosis did not show any evidence of active infection with other human herpesviruses HHV-7 and HHV-8. (J Neurol Neurosurg Psychiatry 1999;67:529-531) Keywords: multiple sclerosis; HHV-6; transcription Human herpesvirus 6 (HHV-6) is a lymphotropic virus, with a preferential tropism for CD4+ T cells. Infection is common, as shown by the rate of seropositivity values higher than 90% in the healthy adult population. The presence of viral DNA sequences in peripheral blood mononuclear cells (PBMCs) of healthy people supports the view that HHV-6 establishes persistent infections. The pathogenic associations of HHV-6 range from exanthem subitum and benign febrile diseases in childhood to pneumonitis and other life threatening conditions in immunodepressed subjects.
Human herpesvirus 6 (HHV-6) is a lymphotropic virus, with a preferential tropism for CD4+ T cells. Infection is common, as shown by the rate of seropositivity values higher than 90% in the healthy adult population. The presence of viral DNA sequences in peripheral blood mononuclear cells (PBMCs) of healthy people supports the view that HHV-6 establishes persistent infections. The pathogenic associations of HHV-6 range from exanthem subitum and benign febrile diseases in childhood to pneumonitis and other life threatening conditions in immunodepressed subjects. 1 It has been suggested that HHV-6 might be involved in the pathogenesis of multiple sclerosis. HHV-6 infects cells of neural origin and tissues of the CNS 1 where it can be associated with acute diseases. 2 3 4 The distribution of HHV-6 in the brain of patients with multiple sclerosis is diVerent from controls, and it infects olygodendrocytes associated with the multiple sclerosis plaques. 5 Patients with multiple sclerosis have antibody titres against HHV-6 higher than controls, 6 HHV-6 DNA was found by polymerase chain reaction (PCR) in the CSF of three of 21 patients with multiple sclerosis, but not in controls 7 and, more recently, increased IgM serum antibody responses to HHV-6 early antigen were described in patients with relapsing-remitting multiple sclerosis. 8 However, other reports did not show any correlation between clinical features and HHV-6 PCR findings or HHV-6 antibodies. [9] [10] [11] [12] [13] It is not easy to find a clear solution to this controversy. In general, all studies of association between HHV-6 and pathological states need to take into account the fact that viral infection is very common in the healthy population, 14 and there is the need to discriminate between latent and infectious virus. Determination of viral load does not address the question, as even low concentrations of HHV-6 replication might cause disease. 15 We have recently reported that HHV-6 establishes latent infection in PBMCs of healthy donors. 16 We also described that viral latency is characterised by the presence of U94 mRNA in the absence of transcripts from other immediate-early (IE) genes, as disclosed by rtPCR. Thus, an rt-PCR assay might allow for relatively simple diVerentiation between latent and active viral infection in patients with multiple sclerosis.
A 1 year follow up study was undertaken analysing PBMCs of patients with multiple sclerosis. Therefore, the intent of this study was to:
(1) Evaluate whether HHV-6 establishes an active infection during multiple sclerosis.
(2) Determine the state of viral replication, searching the molecular markers of latent and productive infection.
(3) Verify whether therapy with -interferon aVects HHV-6 infection.
(4) Investigate the frequency and a possible role of the other novel lymphotropic herpesviruses, HHV-7 and HHV-8, in patients with multiple sclerosis.
Materials and methods
Seventeen relapsing-remitting patients with multiple sclerosis, diagnosed on the basis of Poser's criteria 17 and subjected to -interferon 1B therapy, were enrolled in the study. According to the Italian Ministry of Health standards of 1996, -interferon prescription criteria include an expanded disability status scale (EDSS) score of 1 to 3.5, at least two exacerbations in the previous 2 years, and age range 18-50 years. PBMCs were obtained from each patient before the -interferon treatment and at 4 month intervals for 1 year. PBMCs were purified on Ficoll gradients and DNA was extracted by conventional procedures. When possible, specimens obtained from the third and fourth withdrawal were stored at −80°C in two separate aliquots, to be used, respectively, for DNA and RNA extraction. The presence of HHV-6 DNA was searched by nested PCR for the U31 gene, analysing 1 µg DNA, corresponding to 150 000 cells. Particular care was taken to avoid contamination of the samples and blank reactions, consisting of the extraction mixture alone, were interspersed with every third experimental sample (so as to control for possible cross contamination of DNA samples). The concentration of DNA was determined by reading the optical density at 260 nm. Transcription of HHV-6 was analysed in seven samples positive for HHV-6 DNA. The RNA was extracted from PBMCs with RNAzol B (Biotecx) and was stored at −70°C in ethanol/ sodium acetate until utilised for reverse transcription (RT) and PCR amplification. Immediately before reverse transcription, the mRNA pellet was rinsed with 75% ethanol and resuspended in water treated with dyethyl pyrocarbonate. First strand cDNA synthesis was carried out with cDNA Cycle Kit (Invitrogen) following the manufacturer's recommendations, with random examer primers. Nested PCR on cDNAs was performed for U16/17, U39, U42, U91, and U94 as recently described. 16 EYciency of retrotranscription was assessed by analysis of dilutions of cDNA with PCR specific for -actin. To ensure that viral DNA was not contaminating the RNA samples, positive specimens were analysed by nested PCR without retrotranscription.
The presence of HHV-7 was searched by single step PCR, followed by hybridisation with a specific internal oligonucleotide labelled with P
32
. 18 To estimate the viral load, the autoradiographic signals were measured by densitometry. HHV-8 DNA was searched by nested PCR, according to the conditions already described. 19 Sensitivities of all PCR reactions were determined by amplification of known amounts of cloned target sequences. All necessary steps to achieve lack of contamination and reproducibility were taken. PBMCs, obtained from healthy blood donors, were included as controls in the study.
Results
The prevalence of viral DNA in PBMCs of patients with multiple sclerosis during the 1 year follow up are shown in the table.
At enrollment, 41% (seven of 17) patients were positive for HHV-6, and the prevalence remained constant throughout the study (table) . The sensitivity of PCR allowed the detection of 1000 target molecules of HHV-6 DNA with single step PCR and 10 molecules with nested PCR (data not shown). Positive signals were detected only after nested PCR (figure A), indicating that low amounts of virus were present in the positive samples. None of the patients were positive to HHV-6 in all four specimens collected, with HHV-6 DNA being detected only in some blood samples but not in others.
The sensitivity of PCR specific for HHV-7 was 1000 molecules by visualisation with ethidium bromide and 10 molecules, after hybridisation with a specific probe (data not shown). HHV-7 DNA was present in most samples at enrollment (94%), and the prevalence remained high throughout the study. The viral loads of the four samples from each patient were compared, and no significant trend was detected: the amount of viral DNA decreased in eight patients, increased in three, and was constant in six.
HHV-8 specific PCR detected 400 target molecules after single step PCR and as low as four targets after nested PCR (data not shown). Two patients (12%) were positive for HHV-8 in the first sample, and were negative in the follow up specimens, with the exception of one case (table) . Positive signals were detected only after nested PCR, showing that low amounts of viral sequences were harboured in positive samples.
Eleven patients had relapses during the study, but there was no relation with presence of virus, neither with an increased viral load.
Samples for RNA analysis were available for seven patients positive for HHV-6 DNA, and corresponded to either one of the last two time points. Transcripts of five diVerent IE genes (U94, U16/17, U39, U42, U91) were analysed by nested rtPCR: all reactions had the same sensitivity. Only U94 was detected after nested PCR (figure B). Furthermore, no residual DNA contamination of RNA samples was detected by analysing the same amount of RNA, without the initial reverse transcription reaction (figure B).
Discussion
The rational of our research is based on the finding that HHV-6 and HHV-7 have a preferential tropism for cells involved in demyelinisation, such as T lymphocytes and macrophages. Multiple sclerosis is a disease restricted to the CNS, but HHV-6 activation in the blood of patients with multiple sclerosis has been suggested on the basis of increased concentrations of IgM and the presence of viral DNA in serum of patients. 8 Therefore, analysis of viral transcription in peripheral blood could give important indications on viral replication and could represent an important marker for at least a subset of patients.
The prevalence of HHV-7 is similar to that reported in the healthy population (table) and no significant variation in viral load was found during the follow up period. HHV-8 was detected in up to 12% of patients with multiple sclerosis, confirming that it can be harboured in PBMCs of patients not aVected by Kaposi's sarcoma. 19 The low prevalence excludes a role for this virus in multiple sclerosis, as already suggested by a previous study. 20 HHV-6 showed similar distributions in patients with multiple sclerosis and in healthy people. The finding that the virus is detected only in some samples, but not in others of the same patient, probably reflects the low amount of viral sequences.
Mayne et al 13 recently reported the infrequent detection of HHV-6 in PBMCs of patients with multiple sclerosis and at a first analysis the results dismiss the hypothesis of a systemic involvement in the course of multiple sclerosis. However, it is well established that even low levels of productive infection by HHV-6 may cause clinical disease. 15 The low viral load estimated for the three herpesviruses included in the study would argue for a lack of an active involvement in the course of multiple sclerosis, but PCR is not suitable to distinguish between latent and chronic infection. We recently described that latency of HHV-6 is associated with the presence of U94 mRNA in the absence of other mRNAs transcribed during the IE phase of infection. 16 In this report, we unequivocally show that HHV-6 is indeed latent in PBMCs of patients with multiple sclerosis, because U94 is the only transcript found, and all other IE genes, transcribed with high levels during productive and restricted infection, 21 were not detected. Finally, no diVerences in virus load or frequency were found in the follow up period, suggesting that -interferon therapy has no eVect on virus persistence.
The association of HHV-6 and multiple sclerosis is controversial and far from being established. Our results clearly show that active infection (or reactivation) of HHV-6 does not take place in the context of multiple sclerosis. However, before conclusively dismissing the possibility that HHV-6 might be involved in the pathogenesis of the disease, the state of viral persistence in the CNS should be clearly defined by further studies.
